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Prions cause fatal and transmissible neurodegenerative 
diseases, including Creutzfeldt-Jakob disease in humans, 
scrapie in small ruminants, and bovine spongiform enceph-
alopathy (BSE). After the BSE epidemic, and the associated 
human infections, began in 1996 in the United Kingdom, 
general concerns have been raised about animal prions. We 
detected a prion disease in dromedary camels (Camelus 
dromedarius) in Algeria. Symptoms suggesting prion dis-
ease occurred in 3.1% of dromedaries brought for slaughter 
to the Ouargla abattoir in 2015–2016. We confirmed diag-
nosis by detecting pathognomonic neurodegeneration and 
disease-specific prion protein (PrPSc) in brain tissues from 
3 symptomatic animals. Prion detection in lymphoid tissues 
is suggestive of the infectious nature of the disease. PrPSc 
biochemical characterization showed differences with BSE 
and scrapie. Our identification of this prion disease in a geo-
graphically widespread livestock species requires urgent 
enforcement of surveillance and assessment of the poten-
tial risks to human and animal health.

Prions are responsible for a group of fatal and transmissi-
ble neurodegenerative diseases named prion diseases. A 

misfolded and aggregated isoform of a cell-surface protein 
termed cellular prion protein (PrPSc) is the main, if not the 
sole, component of prions (1). Creutzfeldt-Jakob disease 
in humans and scrapie in small ruminants are the longest 
known diseases in this group, but prion diseases entered the 
public spotlight with the massive bovine spongiform en-
cephalopathy (BSE) epidemic started in 1986 in the United 
Kingdom, revealing the zoonotic potential of animal prions.

Since the BSE epidemic begin, interest in these dis-
eases has increased, and the prion universe has continued to 

expand (2). Several new prion diseases—including variant 
Creutzfeldt-Jakob disease, atypical/Nor98 scrapie of sheep, 
and atypical L- and H-type BSE—have been identified in 
the past 20 years, and chronic wasting disease (CWD) is 
spreading dramatically across cervid populations in North 
America and recently was discovered in Norway (3).

Public health concern increased markedly after variant 
Creutzfeldt-Jakob disease was demonstrated to be caused 
by the same prion strain responsible for the BSE epidemics 
(4). Unprecedented efforts were made to control the epi-
demics in cattle and to contain the exposure of humans to 
potentially infected cattle-derived materials.

In addition to having fatal consequences for infected 
animals, scrapie and BSE have a serious economic effect 
on the livestock industry. Scrapie brings economic damag-
es through production loss, export loss, and increased cost 
for carcass disposal, which account for $10–$20 million 
annually in the United States (5). In the United Kingdom, 
where BSE was diagnosed in >180,000 cattle and up to 3 
million were likely to have been affected, the cost to the 
public was >£5 billion (≈$7.1 billion US) (6).

Prion diseases can manifest as sporadic (putatively 
spontaneous), genetic, or infectious disorders (1). In ani-
mals, disorders resembling sporadic or genetic human prion 
diseases have been reported only recently, with the discov-
ery of atypical/Nor98 scrapie in small ruminants (7) and 
L- and H-type BSE in cattle (8,9). Infectious prion diseases 
have been known for much longer and have been described 
in several animal species. Some diseases derived from acci-
dental transmission, as is the case with BSE, which affected 
millions of cattle but also involved goats, domestic cats, 
nonhuman primates, and wild bovid and felid species, most 
likely fed with material contaminated by the BSE agent 
(10). Even the outbreaks of transmissible mink encepha-
lopathy reported in the United States and various European 
countries in ranch-raised mink most likely originated from 
feedstuff accidentally contaminated by prions (10).

Despite the long list of susceptible animal species, 
prion diseases behave as infectious and naturally occurring 
conditions only in ruminants. Scrapie affects sheep and 
goats, and CWD affects different species of the Cervidae 
family: mule deer (Odocoileus hemionus), white-tailed 
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deer (O. virginianus), elk (Cervus canadensis), and moose 
(Alces alces) (11). Furthermore, CWD has been recently 
diagnosed in reindeer (Rangifer tarandus) (3) and moose 
(12) from Norway.

We report prion disease in dromedary camels (Cam-
elus dromedarius) from a Saharan population in Ouargla 
in southeastern Algeria, where the disease was observed 
in animals brought for slaughter at the Ouargla abattoir. 
Dromedaries are widespread throughout northern and east-
ern Africa, the Middle East, and part of Asia, where they 
are the means of subsistence for millions of families who 
live in the most hostile ecosystems on the planet. Since an-
cient times, camels have been exploited as beasts of burden 
and sources of milk and meat and for riding; today, they 
are tremendously important as a sustainable livestock spe-
cies. During the past 10 years, the camel farming system 
has evolved rapidly and improved substantially (13). The 
emergence of a prion disease in a farmed animal species 
of such importance requires a thorough risk assessment for 
implementing evidence-based policies to control the dis-
ease in animals and minimize human exposure.

Materials and Methods

Animals and Tissue Samples
The Ouargla abattoir is one of the largest slaughterhouses 
in slaughtered volume for cattle, camels, and small ru-
minants in Algeria. In the past 5 years, neurologic symp-
toms have been observed more often in adult dromedar-
ies at antemortem examination. The signs include weight 
loss; behavioral abnormalities; and neurologic signs, such 
as tremors, aggressiveness, hyperreactivity, typical down 
and upward movements of the head, hesitant and uncer-
tain gait, ataxia of the hind limbs, occasional falls, and dif-
ficulty getting up (Video 1, https://wwwnc.cdc.gov/EID/
article/24/6/17-2007-V1.htm; Video 2, https://wwwnc.cdc.
gov/EID/article/24/6/17-2007-V2.htm).

According to breeders’ descriptions, the early stage 
of the disease was mainly characterized by behavioral 
signs, such as loss of appetite and irritability. Separa-
tion from the herd at pastures along with aggressiveness 
and tendency to kick and bite when handled were usually 
observed. With disease progression, neurologic signs be-
came obvious; animals showed ataxia that eventually led 
to recumbency and death.

Breeders reported that signs progressed slowly and 
that the duration of disease varied from 3 to 8 months. Al-
though it has not been possible to date back the first cases 
of illness, information gathered from breeders and slaugh-
terhouse personnel suggests the illness has been present 
since the 1980s.

Prion disease was suspected in dromedaries brought to 
the abattoir on the basis of clinical signs. 

We collected brain samples from 3 dromedaries (nos. 
3, 4, and 8) showing neurologic symptoms and from 1 clin-
ically healthy animal (no. 5), as well as cervical, prescapu-
lar, and lumbar aortic lymph nodes from 1 animal (no. 8). 
The animals were all females, belonging to the Sahraoui 
population, 10, 11, 13, and 14 years of age, respectively. 

We fixed samples in formalin for histologic and im-
munohistochemical examination. We also collected frozen 
brain samples from animals 4 and 8 for Western blot and 
genetic analysis and sampled formalin-fixed brain tissue 
from a clinically healthy animal (no. 5). We obtained brain 
samples from BSE-infected cattle and from ARQ/ARQ 
sheep, either naturally affected by scrapie or experimen-
tally infected with BSE, from the surveillance system in 
Italy or from previous studies (14).

Neuropathologic, Immunohistochemical,  
and Paraffin-Embedded Tissue Blot Analyses
We embedded brain and lymph node samples in paraffin 
wax, sectioned at 5 µm, and stained with hematoxylin and 
eosin or subjected to immunohistochemical or paraffin-em-
bedded tissue blot analysis. We pretreated sections for im-
munohistochemistry with 98% formic acid for 5 min, fol-
lowed by autoclaving in citrate buffer for 5 min at 121°C. 
We then treated sections with 6% normal goat serum (Vec-
tor Laboratories, Burlingame, CA, USA) in phosphate-
buffered saline for 60 min. We performed immunohisto-
chemical detection of PrPSc with L42 monoclonal antibody 
(mAb) (R-Biopharm, Darmstadt, Germany) at 0.01 µg/mL 
in phosphate-buffered saline overnight at 4°C. We treated 
sections with secondary biotinylated mouse antibody (Vec-
tor Laboratories), ABC Complex (Vector Laboratories) for 
45 min, and diaminobenzidine (Sigma-Aldrich, St. Louis, 
MO, USA) for 3 min. We used Mayer’s hematoxylin for 
counterstaining. Each run comprised positive- and neg-
ative-control sections. We analyzed 3 sections from each 
lymph node sample.

We collected sections for paraffin-embedded blot 
on prewetted 0.45-µm–pore nitrocellulose membranes 
(Schleicher & Schuell, Dassel, Germany) and dried mem-
branes for 24 h at 55°C. We performed membrane treat-
ments, proteinase K (PK) (Sigma-Aldrich) digestion (50 
µg/mL), and immunodetection as described (15). We used 
mAb L42 (0.01 µg/mL) as the primary antibody.

Western Blot Analysis
We performed Western blot analysis of PrPSc from brain 
homogenates as previously described (16) and performed 
preliminary diagnosis with a final concentration of PK at 50 
µg/mL. To compare dromedary PrPSc with PrPSc from sheep 
and cattle prion diseases, we performed molecular typing 
of their protease-resistant cores (PrPres) by discriminatory 
immunoblotting, conducted according to the ISS (Istituto 
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Superiore di Sanità) discriminatory Western blot method 
(17) with minor modifications. The principle of discrimi-
nation is based on the differential N terminal cleavage by 
PK (200 µg/mL), revealed by using N terminal mAb with 
an epitope that is partially lost after PK digestion of BSE 
samples (14,18). As an additional discriminatory param-
eter, we measured the relative proportions of diglycosyl-
ated, monoglycosylated, and unglycosylated PrP fragments 
in L42 blots.

We performed deglycosylation by adding 18 µL of 0.2 
M sodium phosphate buffer (pH 7.4) containing 0.8% Non-
idet P40 (Roche. Penzberg, Germany) and 2 µL (80 U/mL) 
di N-Glycosidase F (Roche) to 5 µL of denaturated samples 
and incubating overnight at 37°C with gentle shaking. The 
mAbs used and their epitope on ovine PrP were as follows: 
L42 (148–153), 12B2 (93–97), SAF32 (octarepeat).

PrP Gene Sequence Analysis
We extracted DNA from 100 mg of frozen brain tissue 
with DNeasy Blood and Tissue Kit (QIAGEN, Hilden, 
Germany) following the manufacturer’s instructions. 
We amplified the PrP gene (PRNP) coding sequence in 
a 50-µL final volume using 5 µL of extracted DNA, 1× 
AmpliTaq Gold 360 PCR Buffer (Applied Biosystems, 
Foster City, CA, USA), 2.5 mmol/L MgCl2, 1× 360 GC 
Enhancer, 200 µmol/L dNTPs, 0.25 µmol/L of forward 
(5′-GCTGACACCCTCTTTATTTTGCAG-3′) and reverse 
(5′-GATTAAGAAGATAATGAAAACAGGAAG-3′) 
primers (19), and 0.5 µL of AmpliTaq Gold 360 (Applied 
Biosystems), according to the following amplification pro-
tocol: 5 min at 96°C; 30 s at 96°C, 15 s at 57°C, 90 s at 
72°C for 40 cycles, and 4 min at 72°C.

We purified amplicons by using an Illustra ExoProS-
tar 1-Step clean-up kit (GE Healthcare Life Sciences, Little 
Chalfont, UK). We conducted sequencing reactions by us-
ing the BigDye Terminator v1.1 Cycle Sequencing Kit, 
purified using BigDye XTerminator Purification Kit, and 
detected with the ABI PRISM 3130 apparatus (all Applied 
Biosystems). We analyzed sequences by using Seq Scape 
version 2.5 (Applied Biosystems).

Results
Histopathologic examination showed spongiform change, 
gliosis, and neuronal loss in several brain areas of the 3 
symptomatic animals (Figure 1, panels A, B) but not in the 
asymptomatic dromedary. We observed vacuoles prefer-
entially in the neuropil (Figure 1, panel A) but also fre-
quently involving the neuronal bodies (Figure 1, panel B). 
Confluent vacuoles were rarely observed. These neurode-
generative changes consistently occurred in gray matter of 
subcortical brain areas, such as striatum, thalamus (Figure 
1, panel A), midbrain, and pons (Figure 1, panel B) of all 
3 animals; white matter was rarely affected. We observed 

moderate vacuolation in medulla oblongata, particularly 
in the vestibular and the olivary nucleus; nucleus of soli-
tary tract and hypoglossal nucleus were less often affected. 
Cervical medulla, available only for animal 8, showed no 
spongiform changes. Cortical brain areas were variably in-
volved. Animals 3 and 8 showed dispersed vacuolation in 
cingulate, piriform, and frontal cortices. In contrast, cere-
bral cortices were more heavily affected in animal 4. Cer-
ebellum was collected from animals 4 and 8, and vacuoles 
were observed only in the molecular layer of animal 4.

By immunohistochemical analysis, we detected PrPSc 
in the brain of all symptomatic dromedaries. Overall,  
PrPSc deposition was invariably observed in brain areas 
with spongiform degeneration (Figure 1, panels C, D). In 
addition, PrPSc deposits also involved areas less often af-
fected or not affected by spongiosis, such as the nucleus of 
the solitary tract (Figure 1, panel E); the hypoglossal nu-
cleus; pyramidal cells of hippocampus; the granular layer 
of cerebellum, including Purkinje cells (Figure 1, panel F); 
and several white matter areas.

PrPSc deposition patterns involving neuropil, neurons, 
and glia differed. Patterns included synaptic/punctate (Fig-
ure 1, panel G), intraneuronal (Figure 1, panel H), perineu-
ronal and linear (Figure 1, panel I), intraglial (Figure 1, 
panels J–L), and perivascular (Figure 1, panel M). In pons 
and medulla oblongata, we frequently observed an atypi-
cal intracellular pattern (Figure 1, panel N) in which PrPSc 
filled the whole cytoplasm. PrPSc was absent in the brain of 
the asymptomatic dromedary (Figure 1, panel O). Promi-
nent protease-resistant PrPSc deposition was easily detected 
by paraffin-embedded blot in the same brain areas found 
positive by immunohistochemical analysis, such as the 
deep layers of cortices (Figure 1, panel P), the pyramidal 
layer and fimbria of hippocampus (Figure 1, panel Q), the 
granular layer of cerebellum and the associated white mat-
ter (Figure 1, panel R), and the gray matter of pons (Figure 
1, panel S).

We detected PrPSc deposits in cervical, prescapular, and 
lumbar aortic lymph nodes from animal 8 (Figure 2) that 
involved >80% of primary and secondary follicles in the 
3 sections analyzed. PrPSc deposits consisted of a reticular 
network at the center of the lymphoid follicles, which varied 
in staining intensity, accompanied by fine to coarse granules 
of PrPSc in the cytoplasm of nonlymphoid cells within the 
follicle. We also observed additional granular or intracel-
lular PrPSc immunolabeling in the interfollicular areas.

Western blot analysis of brain homogenates from 
dromedaries 4 and 8 revealed PrPSc with a PrPres showing 
the classical electrophoretic profile, characterized by 3 
main bands representing diglycosylated, monoglycosylat-
ed, and unglycosylated PrPres (Figure 3, panel A). Accord-
ingly, the 3 bands were resolved in a single band of ≈18 
kDa after enzymatic deglycosylation (Figure 3, panel B).



RESEARCH

1032 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 24, No. 6, June 2018

The apparent molecular weight of PrPres from both ani-
mals was slightly higher than classical scrapie and clearly 
higher than BSE and sheep-passaged BSE (Figure 3, pan-
els A, C, left side). This finding prompted us to investigate 

the N terminal PK cleavage under stringent PK conditions 
by discriminatory immunoblotting, which enables the mo-
lecular discrimination of the most common ruminant TSE 
strains from classical BSE (14,18,20). Epitope mapping of 

Figure 1. Hematoxylin and eosin staining (A, B), immunohistochemistry (C–O), and paraffin-embedded tissue blot analysis (P–S) of 
brains of dromedary camels brought for slaughter to the Ouargla abattoir, Algeria, 2016–2017. Spongiform change of neuropil, gliosis, 
and neuronal loss in thalamus (A) and intraneuronal vacuolation in pons (B) (scale bar = 50 µm). Immunohistochemistry for prion 
protein (PrPSc) with L42 monoclonal antibody evidenced dense synaptic/punctate deposition in thalamus (C) and intraneuronal and 
extraneuronal PrPSc deposits in pons (D), accompanied by spongiform change. Perineuronal, diffused in neuropil, and glial-associated 
PrPSc staining were also observed in the nucleus of the solitary tract (E) and cerebellum (F), which showed rare vacuoles (scale 
bars = 50 µm). Immunohistochemical analysis performed on brains of symptomatic dromedaries revealed several PrPSc deposition 
patterns, such as synaptic/punctate pattern diffused in the neuropil (G); intraneuronal deposition in pyramidal cells of hippocampus (H); 
perineuronal and linear staining in frontal cortex (I); intraglial PrPSc deposition (J–L); perivascular deposition (M); atypical intracellular 
PrPSc deposition pattern in pons (N). PrPSc was absent in asymptomatic dromedary used as negative control (O) (scale bars = 50 
µm). PrPSc distribution, by paraffin-embedded tissue blot analysis, was observed in several brain areas, such as prefrontal cortex (P), 
hippocampus (Q), cerebellum (R), and a sagittal section of pons (S) (scale bar = 3 mm).
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PrPres showed that the higher apparent molecular weight in 
dromedary PrPres reflects a more N terminal cleavage site 
than with BSEs and scrapie samples. Indeed, upon treat-
ment with PK, dromedary PrPres preserved the N terminal 
12B2 and SAF32 mAb epitopes, whereas classical scrapie 
lost the SAF32 mAb epitope while preserving the 12B2 
mAb epitope, and BSE samples lost both epitopes, being 
negative with SAF32 and 12B2 mAbs (Figure 3, panel C). 
We have previously shown that, with the ISS discrimina-
tory Western blot, BSE and scrapie are both characterized 
by a diglycosylated dominant PrPres pattern, although BSE 
is more heavily glycosylated than scrapie (18). Our data 
confirm this difference and show that PrPres from dromedary 
camels is further less glycosylated than classical scrapie, 
being characterized by a monoglycosylated dominant PrPres 
(online Technical Appendix Figure, https://wwwnc.cdc.
gov/EID/article/24/6/17-2007-Techapp1.pdf). Sequencing 
revealed the same PRNP sequence in animals 4 and 8 (Gen-
Bank accession nos. MF990558–9), which, in turn, showed 
100% nt identity with the PRNP sequence already reported 
for dromedary camels (19).

In parallel to the laboratory analyses, we undertook a ret-
rospective investigation of neurologic signs in dromedaries at 

the Ouargla slaughterhouse. Twenty of 937 animals in 2015 
and 51 of 1,322 in 2016 showed the previously described 
neurologic signs (Table); the overall prevalence was 3.1% in 
dromedaries brought for slaughter. All slaughtered animals 
derived from the area surrounding Ouargla, and the disease 
was observed only in animals >8 years of age.

Discussion
We describe a prion disease in dromedary camels, desig-
nated as camel prion disease (CPD), that we detected dur-
ing routine antemortem inspection at the Ouargla slaughter-
house in Algeria. Retrospective analysis indicated a 3.1% 
prevalence of animals with neurologic signs suggestive of 
the disease in dromedaries brought for slaughter. That fig-
ure appears to be reliable given that clinical suspicion was 
confirmed in all 3 animals undergoing laboratory analysis. 
However, because prion diseases are characterized by long 
incubation periods and the age at which the disease be-
comes apparent (>8 years) is more advanced than the age 
at which most dromedaries are slaughtered (<5 years), the 
prevalence found in the older animals is probably higher 
than the actual prevalence (excluding younger animals). 

The spectrum of animal species susceptible to prion 
disease is large. However, only in ruminants belonging 
to the Bovidae and Cervidae families do prion diseases 
behave as infectious and naturally occurring conditions. 
Dromedaries are not ruminants (suborder Ruminantia) but 
rather are Tylopoda, a suborder of Artiodactyla, which also 
includes the 2-humped camel (Camelus bactrianus), wild 
Bactrian camel (C. ferus), llamas (Lama glama), alpacas 
(Vicugna pacos), and vicuñas (V. vicugna) (21). The pres-
ence of a prion disease in dromedaries extends the spectrum 
of animal species naturally susceptible to prion diseases to 
taxa different from those already known and opens up new 
research areas on the ecology and the host–pathogen rela-
tionship of prion diseases.

Whether CPD is an infectious disease in natural con-
ditions is a key question. In scrapie and CWD, in which 
lymphoid tissues are extensively involved, the horizontal 
transmission in natural conditions is efficient. In contrast, 
when the peripheral lymphoid tissues are not substantially 
involved, as in cattle BSE, atypical/Nor98 scrapie, and 
most human prion diseases, the horizontal transmission 
appears to be inefficient. This inefficiency usually is ex-
plained by assuming the in vivo dissemination of PrPSc to 
the periphery as a prerequisite to facilitate prion shedding 
into the environment (22). Although we obtained samples 
from a single animal, our detection of PrPSc in all lymph 
nodes available suggests an abundant extraneural patho-
genesis and, along with the notable prevalence of clinical 
cases at the slaughterhouse, concurs to suggest the infec-
tious nature of CPD. These observations also suggest that 
the disease has an acquired rather than spontaneous onset.

Figure 2. Prion protein immunolabeling in the germinal center of 
lymphoid follicles of cervical (A) and prescapular (B) lymph nodes of 
dromedary camel no. 8, Ouargla abattoir, Algeria. The architecture 
of lymph nodes appears moderately compromised by the partial 
freezing of samples that accidentally occurred before fixation. Scale 
bars = 50 µm. Inset in panel A: higher magnification showing the 
germinal center marked with asterisk; scale bar = 25 mm.
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The origin of CPD is unknown. It might be a disease 
unique to dromedaries or a malady deriving from transmis-
sion of a prion disease from another species. It is worth 
noting that meat and bone meal has been exported from 
the United Kingdom worldwide, and after the ban on feed-
ing animals with ruminant protein in 1988, export to the 
Third World had soared to 30,000 tons (23) in 1991. Thus, 
the possibility that BSE-infected feed could have reached 
North Africa cannot be ruled out. However, even if the risk 
for BSE has not been formally assessed in Algeria and an 
official surveillance system for animal prion diseases is 
lacking, BSE is unlikely to appear in dromedaries without 
evidence in cattle populations. Moreover, dromedaries are 
mostly raised with no use of feedstuff. Lastly, the PrPSc bio-
chemical signature in CPD clearly differs from that of BSE 
or sheep-passaged BSE. Although host factors are known 
to be able to alter the PrPSc signature during interspecies 
transmission, the BSE profile generally has been pre-
served in species accidentally or experimentally affected. 
In principle, CPD also might have derived from scrapie. 
Dromedaries often are raised along with sheep and goats, 
sharing common pastures. However, although the absence 
of an effective surveillance system prevents drawing any 
conclusions, scrapie has never been reported in Algeria, 

and a field survey in northeastern Algeria could not provide 
evidence of the disease (24). Moreover, the PrPSc signature 
of CPD differed from the classical scrapie case used for 
comparison (Figure 3). To help clarify the origin and nature 
of CPD, bioassays in a panel of rodent models are ongoing 
for a thorough prion strain characterization.

Future investigations of the geographic distribution 
of CPD will help clarify its origin. If the disease is con-
fined to the dromedary populations of the Ouargla region, 
a localized event of transmission could be hypothesized. 
Common-source scrapie epidemics in sheep and goats 
occurred in the United Kingdom and Italy as a conse-
quence of the use of accidentally contaminated vaccines 
(25,26). However, in the Ouargla region, no vaccination 
program has been implemented for infectious disease pro-
phylaxis in dromedaries. Intriguingly, dromedary breed-
ers indicate that the only food source other than pasture 
available to dromedaries in the Ouargla region are the 
waste dumps widespread in the desert near the oil ex-
traction plants, where dromedaries and small ruminants 
gather and scavenge (Video 3, https://wwwnc.cdc.gov/
EID/article/24/6/17-2007-V3.htm). The possibility that  
dromedaries acquired the disease from eating prion- 
contaminated waste needs to be considered.

Figure 3. Western blot analysis 
of protein-resistant core (PrPres) 
of pathological dromedary prion 
protein. A) Western blot analysis 
of proteinase K (PK)–treated 
PrPSc in brain homogenates 
from dromedary camels with 
neurologic symptoms (nos. 4 and 
8), Algeria. A sample of sheep 
scrapie was loaded as control 
(indicated as C+). Membranes 
were probed with L42 (left) and 
12B2 monoclonal antibody (mAb) 
(right). Molecular weights (kDa) 
are indicated on the left. Tissue 
equivalents loaded per lane 
were 2 mg for camel samples 
and 0.1 mg for sheep scrapie. B) 
Samples after deglycosylation. 
Membrane was probed with 
L42 mAb. C) Comparison of 
dromedary PrPres (from camel no. 
4) with sheep bovine spongiform 
encephalopathy (BSE), bovine 
BSE, and sheep scrapie samples 
by ISS (Istituto Superiore di 
Sanità) discriminatory Western 
blot (17). Tissue equivalents 
loaded per lane were 2 mg for 
dromedary camel and bovine 
samples and 0.1 mg for sheep samples. In each blot, samples were loaded as follows: lane 1, ovine BSE; lane 2, bovine BSE; lane 3, 
dromedary camel no. 4; lane 4, ovine scrapie. Membranes were probed with L42, 12B2, and SAF32 mAbs, as indicated. For the analyses 
in panels B and C, protein standards were loaded and are indicated as M.
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Tracing the origin of prion diseases is challenging. 
In the case of CPD, the traditional extensive and nomadic 
herding practices of dromedaries represent a formidable 
factor for accelerating the spread of the disease at long 
distances, making the path of its diffusion difficult to de-
termine. Finally, the major import flows of live animals 
to Algeria from Niger, Mali, and Mauritania (27) should 
be investigated to trace the possible origin of CPD from 
other countries.

Camels are a vital animal species for millions of per-
sons globally. The world camel population has a yearly 
growth rate of 2.1% (28). In 2014, the population was esti-
mated at ≈28 million animals, but this number is probably 
underestimated. Approximately 88% of camels are found 
in Africa, especially eastern Africa, and 12% are found in 
Asia. Official data reported 350,000 dromedaries in Algeria 
in 2014 (28).

On the basis of phenotypic traits and sociogeographic 
criteria, several dromedary populations have been suggest-
ed to exist in Algeria (29). However, recent genetic studies 
in Algeria and Egypt point to a weak differentiation of the 
dromedary population as a consequence of historical use 
as a cross-continental beast of burden along trans-Saharan 
caravan routes, coupled with traditional extensive/nomadic 
herding practices (30).

Such genetic homogeneity also might be reflected in 
PRNP. Studies on PRNP variability in camels are therefore 
warranted to explore the existence of genotypes resistant 
to CPD, which could represent an important tool for CPD 
management as it was for breeding programs for scrapie 
eradication in sheep.

In the past 10 years, the camel farming system has 
changed rapidly, with increasing setup of periurban dairy 
farms and dairy plants and diversification of camel prod-
ucts and market penetration (13). This evolution requires 
improved health standards for infectious diseases and, in 
light of CPD, for prion diseases.

The emergence of another prion disease in an ani-
mal species of crucial importance for millions of persons 

worldwide makes it necessary to assess the risk for humans 
and develop evidence-based policies to control and limit 
the spread of the disease in animals and minimize human 
exposure. The implementation of a surveillance system for 
prion diseases would be a first step to enable disease con-
trol and minimize human and animal exposure. Finally, the 
diagnostic capacity of prion diseases needs to be improved 
in all countries in Africa where dromedaries are part of the 
domestic livestock.
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Technical Appendix Figure. Relative proportions of diglycosylated, monoglycosylated, and 

unglycosylated bands (“glycotype”) in prion protein (PrPres) from sheep scrapie, sheep bovine 

spongiform encephalopathy (BSE), bovine BSE, and dromedary camel samples, as measured by ISS 

Discriminatory Western blot with L42 monoclonal antibody. 
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